Introduction
Wettability and water repellency of textile products depends on the chosen material, their construction, and final finishing. Generally, natural fibers and man-made fibers that contain hydrophilic groups are wetted. But it depends on the composition of the fibers too. Wettability of cotton fibers is also influenced by their condition (raw or pretreated state). The surface layer of raw cotton fibers contains waxes and fats, and, therefore, they behave hydrophobic [1] .
The wettability of textiles is related to the structure of the textile, surface of product, and the pore disposition -the open structure bounds water molecules better. Wetting angle is influenced by the roughness and inhomogeneity of surface. The rough surface is usually wetted better by well wetting fluids than smooth surface, whereas in the case of the poorly wetting fluid, the opposite is true. The temperature and the duration of action of the liquid must also be taken into account. Another factor that significantly affects the hydrophobicity is the phase boundary, that is, "imaginary surface separating the two phases," for example, solid (textile) and liquid (water) and liquid (water) and gas (air). It is a transition zone where step change of the physical and chemical properties occurs. The phase boundary is related to the surface tension of the two substances. Surface tension is "the effect in which the liquid surface acts as an elastic film and tries to achieve the smoothest possible state with the least surface area" [2] . The surface of the liquid on the solid tries to achieve the lowest possible energy and thus occupies the smallest surface -sphere. "Surface tension is a result of the interaction of cohesive forces of molecules or atoms of which comprises a surface layer" [2] . This makes possible to measure the wetting angle, or the contact angle.
Finishing of textiles
Final finishing of textile materials is applied on fabrics by standard procedures with the aim to create textile of desired properties, quality, and appearance. For finishing, mechanical, chemical, physical, or physicochemical procedures can be used. Finishing can eliminate negative effect caused by the influence of previous processing stages. In some cases, the final treatment of textiles can add features to the product that it would not normally have (e.g. non-flammability).
Standard process of woven fabric manufacturing can be simply divided into winding, warping, sizing, weaving, desizing, and chemical finishing (non-staining and non-iron). At industrial scale, chemical treatments are always applied to the already manufactured woven fabric as the last operation of the manufacturing process. The disadvantage of such applied treatments is their poor fastness to repeated washing and uniform distribution in a surface of the fabric -all places of fabrics have the same characteristics. This is considered to be the standard at present, but it is certainly not the optimal utilization of the possibilities of the textile structure. Typically inappropriate behavior of "standardly" treated fabric is its behavior towards perspiration, which is released by skin. The sweat penetrates into the fabric, fibers get swelled, and, consequently, the structure of fabric becomes "closed". This effect prevents further penetration of perspiration both in vapor form and in liquid form. If the structure in different but sufficiently near places was treated unevenly, then breathability and moisture transport through the fabric would have improved [2] .
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We can distinguish three types of coating: microporous, hydrophilic, and hydrophobic [2] .
The microporous coating works on the similar principle as a membrane. When finishing, layer of polyvinylidene fluoride (PVDF) is applied to the fabric. This causes the release of carbon dioxide (CO 2 ), and thus deposited film changes on spongy porous structure with pore size of 0.2 -0.3 µm. The pores make possible draining of atmospheric moisture away from the body.
The hydrophilic coating is produced from polyurethane (PUR), which is modified by polyoxides or polyvinyl alcohol (PVA). The modified PUR is affine against humidity and allows draining moisture from the body. Between the hydrophilic and hydrophobic portions, an equilibrium exists to provide sufficient water vapor permeability and also elasticity or durability.
The hydrophobic coating is a film based on polysiloxanes or perfluoroalkanes, which has a closed arrangement of the molecules on fabric and prevents the penetration of water. The film can be damaged during the mechanical stress, but after washing and ironing, it is restored again.
The membranes are layers formed from a polymer material but they are thinner than the coatings. They are inserted between the lining and the outer fabric layer, and thus they are able to ensure the waterproofness of the upper layers and also breathability. We distinguish two types of membranes: microporous and hydrophilic one.
The microporous membrane contains microscopic pores, thus providing permeability to air and water vapor. It consists of a film based on fluoropolymers, for example, polytetrafluoroethylene (PTFE), which is impervious to liquids. In time, the performance of the membrane is reduced because of perspiration and washing (pores are blocked).
The hydrophilic membrane does not contain any pores, and transport of moisture occurs as a physicochemical process when the moisture becomes part of the membrane for a short time and then evaporates. The membrane is a copolymer of PUR and polyethylene oxide (PEO). PUR is hydrophobic (waterproof). PEO is hydrophilic and allows binding of water molecules and thus transports moisture away from the body (we can say that such membrane is breathable).
Modification of linear textiles by hydrophobic finishing and their properties
Philosophy of creating a hydrophobic surface is derived from bioethics -nature as inspiration. In specific cases, this is a simulation and imitation of the lotus leaf surface, butterfly wings, or spider body.
Lotus leaf contains wax layer and also very small "protuberances" that do not allow the liquid to wet the surface. This principle is also used in self-cleaning surfaces that do not allow the small protuberances to penetrate the particles of dirt on the surface. In contact with water, the dirt is removed.
Creating similar effects in fabrics is possible when individual operations in the manufacture of textiles are changed, especially in the process of finishing textiles. It can be realized by substituting areal hydrophobization of surface textile after production with hydrophobization of individual yarns inserted into fabric before its manufacturing. By suitable combinations of hydrophobic and hydrophilic yarns in fabrics and fabric constructions, it is possible to achieve a higher permeability and removal and transport of moisture in the fabric. This possibility has not been analyzed in research works yet. Thus, this article demonstrates and analyzes the utilization of hydrophobic and non-hydrophobic cotton yarns in the construction of woven fabric to observe its influence on wettability and controlled water transport.
In term of the final quality and properties of modified yarns, the tenacity, breaking elongation, hairiness, and mass unevenness belong to the most important yarn properties for further processing and product utilization. The level and variability of tenacity and breaking elongation of yarn affect the yarn breakage not only during the preparation for the weaving but also during the weaving. Primarily the warp yarns are stressed enormously because of the formation of the shed. Yarn hairiness can be characterized as the amount of free fiber ends or fiber loops protruding from the yarn body [3] . It can be divided into "dense" hairiness and "sparse" hairiness. Protruding fiber ends in area of "dense" hairiness fit tightly to the yarn body and positively affect end-used properties of textiles. Dense hairiness is a reason of, for example, higher cover of fabric, yarn softer handle, and its velvety appearance. Sparse hairiness negatively affects the processing properties of yarn. When fabric is formed, yarn rubs on the various machine parts and thus the free ends of the fibers may be released and fall off. Thus machine parts can be fouled; loose fibers can catch on lubricated machine parts and create impurities that markedly affect forming process of fabric as well as its quality [4] . Yarn mass irregularity, defined as the variation in the mass of fibers in the cross section of the longitudinal fibrous textile, affects both the appearance of fabrics and the variability of their properties, for example, permeability [5] .
For our experimental purposes, water-repellent final treatment was used to testing nonwettable effect of yarns. One head wetting device was used for the application of finishing agent to the yarn. Finishing agent such as emulsion composed of 40 g/l of Itoguardu LJ 100, 5 g/l of Texapret TP, 1 g/l of acetic acid (CH 3 COOH), and water. Acetic acid was used for acidifying the bath. Texapret TP provides improved wash fastness.
From the viewpoint of material, we used double plied 100% CO (A1 class)-carded ring spun yarn. Yarn count was 2 × 29.5 tex; plying twist in S-direction was 296 tpm. Yarn was prebleached and colored. Within the experiment, yarn strength, breaking elongation, and hairiness were tested before and after the application of the hydrophobic coating. Yarn mass irregularity was not evaluated because we assumed that a very thin layer of the hydrophobic agent does not significantly affect this property. Figure 1 shows electron microscopic view of a yarn before and after coating. Subsequently, these prepared modified linear textiles were used for manufacturing woven fabrics with different constructions, which are described in detail in the following text.
Measuring of yarn breaking force and breaking elongation was realized with Instron 4411 device. For testing of yarn hairiness, the Zweigle 567 hairiness tester was used. The principle of Zweigle hairiness tester consists in the flow change of scanned light. Fibers coming through measuring device interrupt light flow and thus invoke variable response on series of phototransistors. It enables to determine the number of hairs and divides them into 10 categories according to their length. The length of hairs is measured in the direction from yarn surface. The imaging is done by differential method: fibers registered in length category N f is taken from fibers registered in lower category N f-1 . This is done for each category. Thus, in one category, only the fibers that really correspond to this category are counted [6] .
All measurements were performed according to the standards [7, 8] . Table 1 presents the results of measurement of breaking force and breaking elongation. Table 2 shows the results of the yarn hairiness, which was evaluated in summary categories: S 1mm, S 2mm, and S3. The summary criterion S 1mm expresses number of hairs in length category 1 mm; summary criterion S 2mm gives number of hair in length category 2 mm, in both cases relative to yarn length of 100 m. The category S3 indicates the total number of protruding fiber ends that are as long as 3 mm and longer, relative to the yarn length of 100 m.
The measurement results before and after yarn hydrophobization were compared using one-way ANOVA test. It was found that the differences between the characteristics of the yarn before and after hydrophobization are significant. The measurement results (see Table 1 ) show that yarn strength and breaking elongation decreases after the application of the coating on the yarn. The difference between non-hydrophobic and hydrophobic yarn tenacity is about 10%; in the case of breaking elongation, the difference is 19%. Decrease in both parameters is probably due to wetting and drying process. Yarn hairiness (see Table 2 ) was improved after yarn finishing. This phenomenon is more marked with increasing monitored summary length of protruding fibers. The highest difference (28%) was recorded in the case of the summary length category S3 (a decrease of 28%). The hydrophobic coating probably "glued" protruding fiber ends to the yarn body.
Woven fabric construction using yarns enabling controlled transport of moisture in the fabric structure
Woven fabric is given by mutual interlacing of two set of threads (warp and weft). In this type of woven fabric, it is possible to structurally design the construction of woven fabric so to meet the parameters focused on moisture transfer in the desired direction. In this case, the basic requirement of woven fabric construction is finishing (coating) of threads for warp and weft before the weaving process, as mentioned earlier.
Controlled transport of moisture in the longitudinal direction of woven fabric (without directional extension in the transverse direction) is possible to provide based on the warp system. Within the warping preparation process, it is proposed that the position of the warp threads -hydrophobic versus hydrophilic so as to ensure the correct -controlled the transport of moisture in given direction (see Figure 2) . 
Possibility of the wetting surface evaluation in woven fabric depending on the woven fabric construction
Generally, for testing the wettability of woven fabric surface, several methodologies can be used. Methodologies are based on various methods. Basic common approach is to analyze the change in weight. The change in weight can be evaluated from the difference in weight before and after wetting, including the change depending on the time until drying. Sensitivity of scales in this case is not sufficient, it is connected with the low content of the fluid on the sample. In this article, three basic options for the determination of surface wettability of woven structures are mentioned.
The basic method for the analysis of surface wetting of woven fabrics is the determination of contact angle and wetting surfaces in woven structures using image analysis. Generally, the wettability of woven fabric is given by the surface tension arising at the interface of materials (solids), water droplets (liquid), and air (gaseous substance). It is a transition zone where there is a step change in the physical and chemical properties. The phase boundary is related to the surface tension of the two substances.
Two cameras were used for measurements. The sample was placed on the mat. The first camera captured woven fabric from the top. The second image was sourced from the side. Both cameras operate at the same time and system is able to send data to the computer software. For evaluation of images, the image analysis system Nis 2.30 (Lucia 5) was used. It is a software system developed for capturing and storing images for interactive measurement of geometrical properties of fibers, yarns, and fabrics or other textile and non-textile materials. The system enables archiving of large image sequences and their processing.
Contact angle can be analyzed from the side of a picture using image analysis (see Figure 4) . The wetted area as the second information on the wettability can be recorded from a flat top view of the fabric (see Figure 4 ).
Another method is to measure the electrical resistance (voltage) that is proportional to the water content in the fabric [9], using the moisture management tester. It is used to classify materials of fabrics (woven, knitted and nonwoven fabrics) based on the dynamic properties of controlled moisture and to evaluate the comfort of clothing, that is, the impact on human perception of dampness feeling. It is also used for quality control in the clothing industry for the research and development of new materials for improving comfort of today's clothing, especially in sports. The device composes of two jaws. The upper and lower jaw is equipped with metal plate sensors, forming the circular ring. The sample is under pressure between the sensors and from above is brought a fluid. The output data from the upper and lower sensors are collected using computer software. Moisture management tester allows to measure the speed of wetting the sample, the speed of moisture absorption, the speed of fluid for maximum radius of fluid sample, and the overall ability to control humidity. For anisotropic wetting surfaces, this method is inappropriate. Measurement is always evaluated in the shape of the annulus. In the case of asymmetrical surfaces, not wetted area of the annulus is included as a wetted surface.
The last method that allows the analysis of fluid wetted surface is the use of thermocameras. All objects whose temperature is above absolute zero point emit infrared radiation. The human eye cannot see this radiation. Therefore, special instruments are used to convert infrared radiation into an electrical signal, which has a person perceives. Thermocamera equipped with thermal imaging is used for this purpose. Thermocameras scan items or objects and convert the infrared radiation into visible while hydrophobic warp threads prevent wetting fabric in the direction of warp. The similar effect can be seen in Figure 10 , where hydrophobic threads are used in the weft. Wetting by liquid in all directions of fabric is achieved by using hydrophilic yarns in the warp as well as in the weft (see Figure 8) . The construction of fabric with hydrophobic weft and warp yarns prevents immediate water transport in the fabric (see Figure 9 ). thermal charts, called thermograms. The output data can be capacitive storage, or the camera can be connected to a computer. To evaluate the thermal images, special software that provides qualitative and quantitative analysis of temperature is required; its output is called thermographic report (see Figure  5 ). These figures demonstrate water transport in woven fabric with hydrophobic warp yarns in time. Thermo-frame, unlike the conventional image, allows to evaluate the residual moisture that is not visible on the sample during detail magnification.
Demonstration of moisture transfer in the woven fabric plain structures
For demonstration of moisture transfer in the woven fabric, samples with combination of hydrophobic and hydrophilic yarns in both the warp and in the weft system were made. Parameters of threads are listed in Section 2. For the construction parameters of woven fabric as well as simulation of fabric with plain weave, see Figure 6 .
Figures 7-10 demonstrate the effect of used yarns in the fabric construction on water transport. Figure 7 shows the situation in which water is transported with the hydrophilic weft threads woven structure makes possible controlled water transport. By ensuring controlled transport of water, improving the physiological and hygienic properties for woven fabrics as well as good clothing comfort can be achieved. The properties and behavior of the designed fabric will be determined by surface finishing of the warp and weft yarns (sub-set of yarns), which are supporting elements of the fabric. For the overall evaluation of moisture as well as moisture distribution, it is possible to use a combination of image analysis and thermal imagers. Image analysis allows to evaluate the areas of wetting and wetting angle (contact angle). Thermo-frame, unlike the conventional image, allows to evaluate the residual moisture that is not visible on the sample during detail magnification.
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Conclusion
This article presents two main problems: the woven fabric constructions with controlled moisture transport and detection (evaluation) of the wetted surface of the fabric. The construction fabric is determined by the application of the fabric. By using the functional modified input material, yarn, it is possible to produce fabrics with different properties at different locations.
Inserting of hydrophilic and hydrophobic set of threads in the
